Background: Risk aversion is associated with many important decisions among younger and middle aged persons, but the association of risk aversion with decision making has not been well studied among older persons who face some of the most significant decisions of their lives. Method: Using data from 606 community-dwelling older persons without dementia from the Rush Memory and Aging Project, an ongoing longitudinal epidemiologic study of aging, we examined the association of risk aversion with decision making. Risk aversion was measured using standard behavioral economics questions in which participants were asked to choose between a certain monetary payment ($15) versus a gamble in which they could gain more than $15 or gain nothing; potential gamble gains ranged from $20 to $300 with the gain amounts varied randomly over questions. Decision making was measured using a 12 item version of the Decision Making Competence Assessment Tool. Findings: In a linear regression model adjusted for age, sex, education, and income, greater risk aversion was associated with poorer decision making [estimate = −1.03, standard error (SE) = 0.35, p = 0.003]. Subsequent analyses showed that the association of risk aversion with decision making persisted after adjustment for global cognitive function as well as executive and non-executive cognitive abilities. Conclusion: Similar to findings from studies of younger persons, risk aversion is associated with poorer decision making among older persons who face a myriad of complex and influential decisions.
INTRODUCTION
Every day, people make decisions under conditions of uncertainty in a variety of settings (e.g., should I invest in a particular stock? is it safe to cross the street with a car approaching?). Studies from diverse fields including economics, behavioral economics, and psychology have established that risk aversion, the tendency to prefer a certain but possibly less desirable outcome over an uncertain but potentially greater outcome, is predictive of a variety of important decisions including occupational choice, portfolio allocation, healthcare decisions, and even health behaviors (Cohn et al., 1975; Barsky et al., 1997; Donkers and van Soest, 1999; Guiso and Paiella, 2004; Anderson and Mellor, 2008; Hatfield and Fernandes, 2009; Kimball et al., 2009 ). For example, risk averse persons tend to invest in safe but low yield options such as bonds and choose employment positions with a high likelihood of stability but limited opportunity for advancement, often to the detriment of eventual financial and occupational outcomes (Cramer et al., 2002) . By contrast, risk averse persons are less likely to engage in unsafe health behaviors such as cigarette smoking and may have better health outcomes (Anderson and Mellor, 2008; Hatfield and Fernandes, 2009) . Notably, although the available data suggest that risk aversion is an important determinant of decision making, most studies have involved relatively young persons and little is known about how risk aversion affects decision making in advanced age. This is an important gap in knowledge given that aging is the time when some of life's most difficult and influential decisions are made (e.g., retirement spending, estate planning, end of life healthcare decisions). Compelling real world indicators such as the selective vulnerability of older persons to fraud and victimization and experimental data suggest that poor decision making is common among older persons, yet the reasons why remain unclear (Denburg et al., 2005; Agarwal et al., 2009) . Further, aging is accompanied by changes in cognition, affect and motivation, and it is not known whether the factors related to decision making are the same in older and younger persons (Carstensen et al., 2006) . A better understanding of the correlates of decision making is greatly needed to facilitate independence and well being among older persons. The existing literature suggests that risk aversion is an important factor to examine and may represent a target for interventions aimed to improve decision making in advanced age.
In this study, we examined the association of risk aversion with decision making among 606 community-based older adults from the Rush Memory and Aging Project, all of whom were free of dementia . Participants underwent assessments of risk aversion using standard behavioral economics questions in which they were asked to choose between a guaranteed payment of $15 or a gamble in which they could gain various sums greater than $15 or nothing at all. Decision making was examined using a 12 item version of the Decision Making www.frontiersin.org
Competence Assessment Tool, which uses materials designed to simulate those used in real world settings (Finucane et al., 2005; Finucane and Guillon, 2010) . We examined the association of risk aversion with decision making using a linear regression model adjusted for age, sex, education, and income. Further, because we have previously shown that risk aversion is related to cognition, we subsequently examined whether the association of risk aversion with decision making persisted after adjustment for cognition (Boyle et al., 2011) .
MATERIALS AND METHODS

PARTICIPANTS
Participants were from the Memory and Aging Project, an ongoing longitudinal study of chronic conditions of aging in the greater Chicago metropolitan area . Participation involves risk factor assessment, detailed annual clinical evaluations including medical history, neurological, and neuropsychological examinations. Diagnosis of cognitive impairment and dementia is performed annually using a three stage process, as previously described . The study was approved by the Institutional Review Board of Rush University Medical Center, and informed consent and an anatomical gift act were obtained following a detailed presentation of the risks and benefits associated with participation.
Notably, the Memory and Aging Project began in 1997 and enrollment is ongoing. The decision making assessment began in 2010 as part of a substudy that was added and also was approved by the Institutional Review Board of Rush University Medical Center. At the time of these analyses, 1507 participants had completed the baseline evaluation for the parent study; of those, 488 died before participating in the decision making project, and 102 refused further participation in the parent project, leaving 907 potentially eligible persons for decision making assessment. At the time of these analyses, 606 non-demented persons had complete decision making and risk aversion data and were included in the current analyses.
COGNITIVE EVALUATION
Cognitive function was assessed via a battery of 21 tests, including the MMSE, but MMSE scores were used only to describe the cohort . Scores on 19 tests were used to create a summary measure of global cognitive function, as previously described. One additional test, Complex Ideational Material, is used for diagnostic classification purposes only. To compute the composite measure of global cognitive function, raw scores on each of the individual tests were converted to z-scores using the baseline mean and standard deviation of the entire cohort, and the z-scores of all 19 tests were averaged Boyle et al., 2006) . In subsequent analyses, we also examined executive versus nonexecutive measures. For these analyses, we created a composite measure of executive function based on the following tests: two indices from a modified version of the Stroop Neuropsychological Screening Test, Digit Span Forward, Digit Span Backward, Digit Ordering, Symbol Digit Modalities Test, and Number Comparison. All other cognitive tests were considered non-executive (i.e., immediate and delayed recall of story A from Logical Memory, immediate and delayed recall of the East Boston Story, Word List Memory, Word List Recall, and Word List Recognition, a 15-item version of the Boston Naming Test, Verbal Fluency, a 15-item reading test, a 15-item version of Judgment of Line Orientation, and a 16-item version of Standard Progressive Matrices that included very simple items to assess visuospatial integration). Executive and non-executive cognitive abilities were summarized by averaging z-scores of individual tests within each domain.
ASSESSMENT OF RISK AVERSION
Risk aversion was assessed via a series of 10 questions used in standard behavioral economics approaches as previously described (Boyle et al., 2011; Han et al., 2012) . Specifically, participants were asked,"Would you prefer $15 for sure, OR a coin toss in which you will get $ [an amount greater than $15] if you flip heads or nothing if you flip tails?" Potential gamble gains ranged from $20.00 to $300.00 with the gain amounts varied randomly across the series of hypothetical questions. When the potential gamble reaches $30.00, both the safe payment and the gamble have the same long run average or expected value. However, when the potential gamble gain exceeds $30, the expected value of the gamble exceeds the value of the safe payment. Subject specific risk aversion coefficient γ i was estimated from these 10 questions, and details of the derivation are presented in the statistical analysis.
ASSESSMENT OF DECISION MAKING
A 12 item version of the Decision Making Competence Assessment Tool was used to examine healthcare and financial decision making (Finucane et al., 2005; Finucane and Guillon, 2010) . This tool was specifically designed to measure decision making in older adults using materials that closely approximate those used in real world settings and has been used in prior studies of aging. Questions focus on health and financial decision making (i.e., HMO plan and mutual fund selection) and vary in difficulty from simple to complex. Simple questions primarily measure decisions that reflect understanding of the information presented. The complex problems parallel the simple problems but involve many more options. For example, one of the simple problems presents information on three mutual funds, including the gross annual return, account management fee, minimum investment, and years of activity, and asks respondents to select the fund with the smallest account management fee. Subsequently, a complex problem presents similar information about seven mutual funds and asks respondents to select the most appropriate fund given pre-specified preferences (e.g., Pamela wants a management fee of less than X%, a gross annual rate of return of X%, and a minimum investment of X; which fund should she choose?). The total score is the sum of number of items answered correctly (range = 0-12). In previous research, this measure has been shown to have adequate psychometric properties including high inter-rater reliability and short-term temporal stability, and performance on the measure has been related to cognition and health status (Finucane and Guillon, 2010) .
OTHER COVARIATES
Other variables used in the analyses included age (based on date of birth and date of cognitive testing), sex (females coded as 0 and males as 1), education (years of schooling completed), and income, Frontiers in Psychology | Decision Neuroscience measured using show card methodology, as previously described .
STATISTICAL ANALYSIS
The risk aversion coefficient was estimated using a well-established approach employed in behavioral economics studies in which the index of risk aversion is derived using participants' responses on all 10 risk aversion questions (Barsky et al., 1997; Harrison et al., 2007; Glenn et al., 2008; Boyle et al., 2011; Han et al., 2012) . Each question involves a binary choice between a gamble and a safe payoff. If participant i has a constant coefficient of risk aversion γ i , then the expected utility of the gamble at the jth question, U G ij , is defined by the following function,
where Gain j is the winning outcome in the jth gamble. Similarly, the safe option payoff for ith participant at jth question has the expected utility
where Safe j is the safe gain for the jth question.
Let observed outcomes in the trials be Y ij , and the decision of choosing the gamble be Y ij = 1; we hypothesized that the probability P(Y ij = 1) depends on the difference between expected utility of the gamble and safe option U G ij − U S ij . The odds of choosing the gamble over safe option therefore was formulated as
, then a participant was indifferent between the gamble and safe options (i.e., odds of taking the gamble equals to 1 as in
, while a positive U G ij − U S ij suggests that a participant favored the gamble (i.e., odds greater than 1), and vice versa. The risk aversion γ i was estimated using the above formula.
After computing subject specific risk aversion coefficients, we used linear regression models to investigate whether risk aversion γ i was associated with decision making. To do so, we regressed the decision making total score on the risk aversion coefficient γ i , adjusted for age, sex, education, and income. In a separate model we further adjusted for a term for cognitive function to examine whether the association of risk averse with decision making was mediated by or independent of level of cognitive function. All analyses were implemented in SAS version 9.3 and statistical significance were set at nominal level of α = 0.05 (SAS Institute Inc, 2009).
RESULTS
DESCRIPTIVE PROPERTIES OF THE SAMPLE
Participants in this study (n = 606) had a mean age of 82.4 [standard deviation (SD) = 7.5, range 59.4-100.8], and the mean education was 15.2 years (SD = 3.0, range 7-28). Four hundred sixty-three subjects (76.4%) were female. Twenty-seven percentage reported annual income lower than $25K, 36% had income between $25 and $50 K, and 37% had income over 50 K. The mean level of cognitive function was 0.2 standard unit (SD = 0.5, range −1.4−1.6), with higher scores indicating better cognition. The mean decision making total score was 7.5 (SD = 2.9, range 0-12), with higher scores indicating better decision making. The mean estimate of risk aversion derived from participants' responses to all risk aversion questions was 0.3 (SD = 0.3; range, 0.06-0.9), with higher values indicating greater risk aversion.
BIVARIATE ASSOCIATIONS OF RISK AVERSION AND OTHER VARIABLES WITH DECISION MAKING
Because risk aversion has rarely been studied among older persons, we first conducted analyses examining the bivariate associations of risk aversion and the demographic factors with decision making ( Table 1) . Risk aversion and age were negatively associated with decision making, such that greater risk aversion and older age were associated with poorer decision making. By contrast, education, male sex, income, and global cognition were positively associated with decision making (means for men and women were 8.3 and 7.3, respectively; t = −4.4, df = 277.3, p < 0.001). Intercorrelations among all study variables also are presented in the Table.
RELATION OF RISK AVERSION WITH DECISION MAKING
To test the hypothesis that risk aversion was associated with the level of decision making, we constructed a linear regression model with the decision making total score as the outcome and terms for the coefficient of risk aversion γ i , age, sex, education, and income. The results of this analysis (Table 2) showed that older age, fewer years of education and lower income were all associated with poorer decision making (p's < 0.001), and males performed relatively better than female participants (p = 0.04). Controlling for age, sex, education, and income, greater risk aversion was associated with poorer decision making (Estimate = −1.03, SE = 0.35, p = 0.003). To clarify this effect, the average decision making score was reduced by about 0.3 unit when the coefficient of risk aversion increased by 1 standard deviation. This was equivalent to the effect of being about three additional years older.
Next, because prior literature has shown that risk aversion is highly associated with level of cognitive function and we have reported the same association in this cohort, we repeated the previous model after adding in a term for global cognitive function to examine whether the association of risk aversion with decision making was independent of or mediated by cognition (Dohmen et al., 2010; Boyle et al., 2011) . As expected, in this analysis, a higher level of cognition was strongly associated with better decision making (Estimate = 2.44, SE = 0.19, p < 0.001). Further, the association between risk aversion and decision making persisted but was somewhat attenuated (p = 0.022) after adjustment for global cognition, suggesting partial mediation. Finally, because it is possible that combining all of the cognitive tests into a single measure could obscure the effects of particular cognitive abilities and prior studies suggest that executive functions are related to risk aversion as well as decision making, www.frontiersin.org we next examined whether the association of risk aversion with decision making persisted in separate models adjusted for executive and non-executive cognitive abilities, respectively (Brand et al., 2008; Brand and Markowitsch, 2010) . The association of risk aversion with decision making persisted after adjustment for executive abilities in the first model (Estimate for risk aversion = −0.66, SE = 0.31, p = 0.036) and after adjustment for nonexecutive cognitive abilities in the second model (Estimate for risk aversion = −0.83, SE = 0.32, p = 0.010) but was somewhat attenuated in both models (as in the model adjusted for global cognitive function).
DISCUSSION
In a cohort of 606 community-based older persons free of dementia, we found that risk aversion was associated with poorer decision making. Further, the association of risk aversion with decision making persisted after adjustment for cognitive function, including global cognition and executive cognitive abilities. These findings are the first that we are aware of addressing the relation of risk aversion and decision making among older persons and suggest that risk aversion is an important determinant of decision making in advanced age as it is at younger ages. This finding may have important implications for improving decision making and ultimately health and well being among older persons. Risk preferences have long been the focus of economics and behavioral economics studies and have established relevance for economic and health decisions and outcomes (Anderson and Mellor, 2008; Agarwal et al., 2009; Hatfield and Fernandes, 2009 ). The literature on risk aversion in aging consists primarily of studies examining whether older persons are more or less risk averse than younger persons. Findings are mixed, however, and appear to vary depending on task characteristics, learning requirements, and modeling approaches (Deakin et al., 2004; Agarwal et al., 2009; Samanez-Larkin et al., 2010; Mata et al., 2011) . For example, in a recent study that used a computer-based, experimental measure of risk aversion, analyses of participants' overall performance suggested no age differences (Rolison et al., 2012) ; however, subsequent analyses examining response patterns indicated that younger persons were initially more likely to take greater risks, whereas older persons were more risk averse when making decisions based on early perceptions of risk (compared to when making decisions after learning from task-based experience). Another study used a gambling task and found no age difference in risk aversion when options were presented in a gain frame (e.g., "keep $20 of $100"), but younger adults were more risk seeking when options were presented in a loss frame (e.g., "lose $80 of $100"; Mikels and Reed, 2009) . It is thought that age-related changes in motivation and affect may contribute to the observed differences, but additional research is needed to further clarify such age differences as well as to better understand their basis (Carstensen et al., 2006) .
Notably, the present study extends prior work by studying an important behavioral correlate of risk aversion, decision making, in a well-characterized sample of non-demented older persons. The relation of risk aversion with decision making is wellestablished among younger persons and examination of this association among older persons is important in light of the fact that aging is a time when many difficult, risky, and consequential decisions are made. Further, older persons have limited opportunities to recover from errors in decision making due in part to shortened time horizons and age-related changes in cognition and other personal resources. From real world indicators such as the selective vulnerability of older persons to financial and other forms of fraud to experimental data, mounting evidence suggests that older persons frequently make suboptimal decisions (Denburg et al., 2005; Agarwal et al., 2009) . Understanding the correlates of decision making in advanced age offers the potential to facilitate efforts to improve decision making and health and well being among older persons. The present findings are consistent with data from younger persons and suggest that risk aversion is negatively associated with decision making among older persons just as it among younger persons. Thus, persons of all ages may benefit from assistance in understanding risk/benefit ratios and the importance of considering all possible options and outcomes, not just the safe choice, when making decisions.
Importantly, in this study, the association between risk aversion and decision making persisted after adjustment for global cognitive function, although it was somewhat attenuated, suggesting Frontiers in Psychology | Decision Neuroscience partial mediation. The relation of risk aversion with decision making also persisted but was somewhat attenuated in analyses adjusted for executive cognitive abilities as well as non-executive cognitive abilities. Cognitive function, particularly executive function, is one of the few factors known to influence decision making in aging, particularly decisions involving multiple choices and risky decision making (Brand et al., 2007 (Brand et al., , 2008 Brand and Markowitsch, 2010; Finucane and Guillon, 2010; Henninger et al., 2010) . Cognition also has been shown to be a strong determinant of risk aversion in younger persons, and we previously reported an association between cognition and risk aversion among older persons from this cohort (Dohmen et al., 2010; Boyle et al., 2011) . That the association of risk aversion with decision making persisted after controlling for global cognition as well as executive cognitive abilities suggests that decision making is a complex function of many characteristics and factors other than cognition may be important determinants of decision making in aging. Although speculative, given the sensitive nature of the decisions older persons make and the common occurrence of cognitive decline in old age, it is possible that non-cognitive factors may be salient determinants of decision making near the end of life. Personality traits such as neuroticism and openness to experience are related to risk taking (Lauriola and Levin, 2001) , and recent data suggest that higher levels of neuroticism are associated with poor reasoning and decision making under conditions of uncertainty among older but not younger persons (Denburg et al., 2009) ; the latter findings may suggest that stress negatively impacts cognitive function and consequently decision making at older ages specifically. Taken together, these findings suggest that a focus on personality characteristics or other psychological features of the decision maker may help to elucidate the factors that contribute to poor decision making in old age.
This study has a number of strengths, including the assessment of risk aversion using questions used in behavioral economics studies in a well-characterized cohort of older persons free of dementia and detailed assessment of cognition based on 19 cognitive tests in a fairly large cohort of community-dwelling older adults. A limitation of the study is the selected nature of this volunteer cohort, which may have restricted our range of risk aversion and may limit the generalizability of findings. Another limitation was the assessment of risk aversion and decision making at a single point in time (rather than measuring change over time). Future studies are needed to investigate potential age-related changes in risk aversion and decision making, and to examine the predictive association of risk aversion with adverse health outcomes in advanced age. Ultimately, these studies will inform on the extent to which risk aversion impacts real world outcomes across the lifespan.
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